Amorphous ribbons of composition (Co0.a5Fe0.05)100-x Si0.4xB0.6x, with x = 25 and 30 were prepared by the melt-spinning technique. Current annealings at 600 mA were performed for annealing times between 15 s and 60 min. The magnetoimpedance response was investigated by submitting the ribbons to ac currents at frequencies in the 10-200 kHz range, with amplitudes between 1 and 15 mA (rms), and measuring their voltage response. The observed results show that a transverse anisotropy is induced by the thermal treatments, which can be evaluated by means of the magnetoimpedance effect. Due to its lower Curie temperature, the x = 30 ribbons exhibited lower sensibility to the current annealings.
Introduction
Thermal annealings in amorphous ferromagnetic materials lead to an extremely wide variety of changes of magnetic domain structure and magnetic properties. Among the most important and sensitive parameters are the magnetic anisotropy and the saturation magnetostriction constants, since magnetization processes critically depend on these two basic quantities. Due to its shape, soft ferromagnetic ribbons tend naturally to have most magnetic domains in an in-plane, axial orientation. However, materials with low, negative magnetostriction constant (which can be obtained by varying the Co/Fe ratio) offer the possibility to induce magnetic domains in a transverse geometry by means of thermal treatments such as current annealing, stress annealing, or current-stress annealing.
A novel magnetic phenomenon has recently received attention by both its basic and technological interests, the magnetoimpedance (MI) effect [1, 2] . This phenomenon involves the impedance response of a magnetic material submitted (451) to an ac current of high frequency (1 kHz-1 MHz) and low amplitude (irms < 40 mA). When the material is additionally placed in a dc magnetic field, the impedance of the system shows a substantial decrease (about 40% of its initial value [3] ). Since the field produced by the ac current has a transverse geometry, the interaction of this field is stronger with magnetic domain walls with a transverse orientation.
In this paper, MI phenomena is used to investigate transverse domains as a result of current annealings. The obtained results show that there is effectively a direct correlation between MI and the induced anisotropy.
Experimental procedure
Amorphous ribbons in the composition (Co0.95Fe0.05)i00-xSi0.4xB0.6x, with x = 25 and 30, were prepared by the melt-spinning technique in argon atmosphere. The cross-section of the sample was 0.5 mm wide and 0.25 mm thick. Current annealings were performed at an annealing current of 600 mA, for times between 15 s to 60 min. The current annealing was carried out in air atmosphere. MI effect was measured by submitting the ribbons to ac currents in the 1-15 mA (rms) range, and frequencies in the 10 kHz-200 kHz range. The total impedance, Z, was measured with a voltmeter, by carefully controlling the current amplitude flowing through the ribbon. The dc magnetic field (up to 15 Oe) was applied by means of a Helmholtz coil system.
Experimental results
Both compositions showed the giant magnetoimpedance (GMI) effect in the as-cast condition; Fig. 1 shows the effects of the dc applied field, Hz , on the total impedance, Z, for x = 30, for several frequencies. For all the frequencies, Z shows the highest value at Hz = 0, and as the latter increases, a strong decrease results. The effects are larger for high frequencies.
Current annealings, however, led to virtually no change in the voltage response of ribbons of this composition. Current annealings in ribbons of composition x = 25 showed a variety of effects, as exhibited by MI. The variations in impedance as a function of applied field, for several measuring frequencies, appear 
TABLE
Annealing times, C ann (at an annealing current of 600 mA), applied field for the maximum Z, and Z increase at the maximum (at f = 160 kHz).
in Fig. 2 , for the case of a current annealing of 600 mA during 5 min. Instead of a monotonous decrease as Hz increases, the impedance goes through a maximum followed by a decrease in some sort similar to those observed in Fig. 1 . Again, the increase in measuring frequency has an amplifying effect, since the highest frequency (160 kHz) leads to the largest effects. The field for the maximum Z increases slightly with frequency as well. The current anneal time resulted in an increase in both in the applied field for the maximum impedance, as well as in the Z value. Table summarizes the dependence of the field showing the maximum Z, as well as the increase in Z, for all the annealing times.
by recalling that current annealings have two simultaneous effects: the heating of the ribbon and the application of a strong transverse magnetic field. For the used current amplitude, the stationary-state temperature [4] of ribbons is about 340°C. Since the Curie temperature of x = 30 alloys is around 200°C, it turns out that only the heating effect exists for these samples. For the x = 25 samples, in contrast, both the heating and the applied field effects count, because Tc is as high as 400°C.
Current annealings on x = 25 samples lead to the presence of an applied field needed to reach the maximum in the impedance value, Fig. 2 . This field increases as the annealing time increases. Also, a kind of propagation field, i.e., a field needed to initiate domain wall displacement (indicated by the constant value of Z at low fields) is observed. In order to determine the origin of variations in GMI effect observed in the x = 25 alloys, we compare the effects of current annealings in induced anisotropy, Kind , and magnetostriction constant, λ, as reported in Ref. [4] , with the effects on the field where the maximum in Z occurs, as well as the observed ΔZ (Table) , Fig. 3 . All the plots are in log-log scales to show the kinetic nature of the phenomena. The results of a simple, apparent linear fitting are also shown. Both Kind and a exhibited less dispersion than our experimental results; however, the fitting parameter is higher than 0.92 in the latter.
From Fig. 3 it appears that the induced anisotropy is mainly responsible for the observed phenomena. Our conclusion is therefore that GMI can be enhanced in Co-Fe ribbons by producing a transverse anisotropy; however, this induced anisotropy involves some domain wall pinning.
